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4 BACKGROUND OF THE INVENTION 



Ei^liofthejnvention 



The present invention pertains to a tn^th^w f i 
8 Ptv "''*°'*°^P'^^'"^ heating a substrate and then 

8 ^t'^hing the substrate, where deposits 



9 eon... . "~'^--^^'--h-tingareren.ovedsothat 

is maintained. 



26 



control over a critical dimension of an etched feature ; 



^^^^^^^^eSEtion^fthe^^ 

11 



Maintainingasubstrateataparticulartemperatureduring. 



12 fi. , ^"''"^'^'^^^g semiconductor processing 

12 frequently enables control of the. rprocessmg 



''"'^''^^^^^"^•"^^f^ftat^reonthesubstrate. Processing 
maymvolvechemicalvapordepositionrcVD^nh • , 



'4 etching, for example. 



'"'""""^"^•""-■"^^•^i^'yP'cal.yp.acedonane.ec.os.adcchucic 
'9 that .tacts as a coolant, the substrate 



SO 

20 ofth, , by a .eduction of the pressure 

;";°-'-W.w^e„thepressu.of«,e^.„co„tac.wi..heLsMe 

Of the substrate is increased. 

23 

— chu..,. 



0*er .ethoas for heatin, a substrate to a desi.. .e.„pera.„,e iucMe use of. 



used in co^binauon „i.h a coolan, ,as to adjust «,e substrate temperature 

Oue.ethodforheati„,as„bstn.tesurfacei„vo,vesthe„scof.„bou.bard.„e„tof 
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fte substrate surface during semieonducor p^cessing. RF coupled or microwave energy 
may be used U, produce aplasma which is Ae source of ions which come in contact witir the 
substrate. A biasing power may be applied to dre subsfate to attract ions toward the 

substtBte. toprovideamore rapid hcattogofthe substrate. However,useofasubs,n^ bias 
to attract ions toward the substrate genendly causes sputtering of more malleable materials 
on the subst^te surface, such as metals. Thus, when a metal layer is being etched for 
example, a portion of the metal layer is typically sputtered up onto the sidewalls of an 
overlying patterned mask which is used to provide patterned etching of the metal layer 
Subsequent ..moval of fl,e sputtered material has proven difHeult. In an attempt ,o reduce 

oravoidsputteringofsurfacematerialsduringplasmaheatingofasubstratesurface, various 
gases have been used as the plasma souree gas, to lessen the sputtering effect. Specifically 
U has been rc«,mmended that the gas used to fom, the plasma be composed of one or more 
gases including, for example, oxygen, argon, silane, silicon tetrafluoride, helium, neon, 
krypton, xenon, nitrogen, or mixftu^s thereof Nitn^gen gas is said to produce less 
satisfactory results, with the material being heated possibly forming nitrides, similar u> the 
mamter in which oxides are produced when an oxygen plasma is used. 

In some instances, it has been recommended that no substrate biasing be used and 

thatalowerheatingratebeaccepted. TTeuseofasubstrate heating plasmagenerated using 
only microwave energy is said to reduce the amount of spunering of a substrate surface 
For instance, when an RF bias is applied to a substrate having a SiO, surface, the sputter rate 
of the SiO, is said to be on the ord„ of 1000 A par minute, but when no substrate bias is 
applied, and the only energy applied is microwave energy used to produce the plasma, the 
sputter rate is said to be reduced well over 50%. 

Substrate temperature control is an important factor in the control of critical 

dimensions of a feature diirino ->+„u: ^ . 

v^ivuiiig ui ine leaiure. For instance, during etch 

processing, the materials from a portion of Are layer that is etched, as well as compounds 
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conned a c„„,r„aHo„ of *e e.cK». gases and «,e ,a,er „a,eria,s. ™a. coa. sides of 

*epa„e™ed„a..over„i„,u,efea.u.wHicMsbei„,e.Hed.or„a.eoa.«,esidesofU,e 
fea«« being e.cH«. a„a .e.b. „duee U,e si. of opening *.ougK wMch etching 

occu..™sn,a.^u,.i„ani„c^ei„ftesi.eof*efea,„.p^„eedd„i„ge.chinga„d 

^ cnueai and .ay de«n,e„.a„y affee. fl.e tae«ona,i,y of U,e fean^. b, increasing *e 
.mperatu. Of subs,.,e d.ing processing. e.ch b.p™,„c. regain .o. vo,a«,e and 
con.„, over e,ch sidewal, proflie. as we,, as growh of eneiea, fean.e dimensions, ra^y be 

achieved. 

Highsubstrateten^peratureetchingisadvantageouswhenthe^ 
are .ther .etal or .etal-containing compounds which are of low volatility, such as for 
exarnple, platinum, copper, iridium, iridiu. dioxide, lead .ireoniu. titanate, ruthenium 
ruthenium dioxide, bariun. strontium titanate, and bismuth strontium tantalate 

In s„, although it is possible to reduce sputtering during plasma heating of 
substrates by reducing substrate biasing, this substantially slows the heating process T.e 
use of resista.ce heaters in the electrostatic chuck under the substrate is expensive and 
decreases the response time when it is desired to stop heating or to cool the substrate 

substrateheatingwhilereducingtheeffectofmateHalsputteredduringtheheatingprocess 
on the critical dimension and sidewall profile of an etched feature. 
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SUMMARY OF THE INVENTION 

We have discovered a method of reducing the effect of m.t. • i 

^ "^^ of material sputtered/etched 

dunng the heating of a substrate 



One embodiment of the method pertains to preheating 



a substrate which includes ; 
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.nc,udesexp„si„g«,esubs.a.e.oap.hea.i„gp,a3o,awhichp:«,ucesadep„si,„r..to 
du^g p^heaang which is easUy e.hed ttan said ■.e.,-.„„.ai„i„, ,a,er during «,e 
subsequent plasma etohing of said metal-containing layer. 

In another entbodiment. plasma heating of a substrate and subsequent etching of a 
metal-containing layer included in said subsu^te is catried out while maintaining control 

overacri.icaldimensionofafea.u.eetchedi„theme.^-contai„i„glayer.l„partic„lar,the 



8 method includes 

9 



a) supplying a firs, pla^a source gas to a process chamber containing a 

substrate. Wherein the fi^plasmasourcegas is used togenerateaplasma Which is us«. to 

prehea.d,esaidsubstra.e,a„dwherei„thep,asmasou,^gascon,ainsatleas,o„egas Which 
IS shghUy reactive with the metal-containing layer; 

b) preheating dre substrate to a tempemtut. of at leas, 1 50 =C using ion 
bombardment from the first plasma; 

supplying a second plasma sour^ gas which generates a plasma used to etch 

the metal-containing layer; and 

d) etching the metal-containing layer, wherein essentially all of a residue 

^""^^'-eP-headngofthesubst^teisremovedduringtheetchingofthe metal- 
containing layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure lA shows an etched stack of layers (100) including a pattemed hard mask 
layer (108) overlying a platinum-containing layer (106). which overlies a titanium nitride 
layer (104). which overlies a silicon oxide layer (102). Residue material (1 ,0) produced 

by sputtering duringprehea,i„gof«,esubstrateandduringpatten.edetchingof«,estack of 
the layers (100) resides on the sidewalls (1 12). 
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Figure IB shows the etched stack of layers of Figure 1 A «ft . 
dil.,t<^H . • ^ ^ ^^^^ treatment with a 

<l.ta,ed HF .olunon ■„ „„„ve patterned hard mask layer (108) The e,ch H 
DrodiioM mm ■ J" uus;. 'he etched stnicture 

produced (120) mcludes platinum-containing laver n Ofil „ , • ■ 
fln41 ^h: V. ,. ' ' overiymg titanium nitride layer 

(.04),wh.el,overl,essilic„„„,l<,e ,ayer(,02). Sputtcredmatenal(no)hasco,lapsed 

..selfa«er.^ovalofre3idual.ilic„„o.idehardmasklayer(108) 

nit.de, Z :?""""^^^^^^^ 
.tr.de layer (204), „h,ch overlies a silicon oxide layer (2021 M 

«mai„s on etched sidewalls (212> . ■ * 

d-alls (21 2) after pattemed etching of the .tack of the layers (200). 

diluted 72 " "'^^^'^ ~ e 

produced (220) includes platinum-containing layer r20fi^n, , • • 

ncsA^ u- u ^ ^ overiymg titanium nitride layer 

(204), which overlies silicon oxide layer r202^ Th. 

on the sidewalls (212) of ethd r ^'^'^ sputtered material 

walls (212) of etched silicon oxide hard masking layer (208). THere was no 
apparent residual sputtered material on the sidewalls (214) of the H . 
(206). ^ ^ ^^'^^^'^ platinum layer 
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Figur. 3 Shows «,e timc-temperature conelation during a substrate prchea«ng step 

layers of the kind descnbed with reference to Figure 1 A but nri . 

rigure 1 A, but pnor to pattemed etching. 

Figure 4A shows an etched stack of layers r400^,nni a- 
u ^ , ^ ^^^""^'"^^"ding a pattemed silicon oxide 

hardmasklayer(408)oyerlyingaplatinum-containin......... ..... , .. 

• . , ° v-^^'j;, wiiicn overlies a titanint^ 

mtndc layer (404), which overlies a silicon oxide layer (402, Res d 

idyer {W2). Residue material (410) 
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stac. Of «,e ,aye. (400, on .He ^ ^ 

sidewalls (414) of plalinum-conteining layer(406). 

Figure 4B shows me e.hed s,ack of , aye. of Figure 4A after «eau„e„, wiU, a 
Cteed HP solution .o „„„ve paneled siUcon oxide (4O8). The e.ehed 

s.™c.ureproduced(42„,i„eludesp,a,i„„„,.„g,,,„(,„,3„,^,^^„^,^^^ 

Mye.(404,,whichover,iessi,ico„oxide,ayer(402).Residue.a.eria,(4,0)has.olIapsed 
toward the exterior of sidewalls (414). 

Figure 5A shows an etched staek of , aye. (500) including a paneled silicon oxide 

hard.as..ayer(508)overlyi„gapla«nu„,.contai„ing,ayer(506,whichoverliesaU.aniun, 
n.«de layer (504), which overlies a silicon oxide layer (502). Residue n,a.Hal (510) 
P^duced by spunering during preheating of the substrate and during paftemed etching of 
*e stack of the laye. (500) resides on the hard n,ask sidewalls (5,2), as well as on the 

..dewalls(5.4)ofpla,i„un,-con.aining,ayer(506,T,ereisson,„chrcsidual™aterial(510) 
that ,t even covers the upper surface (516) of hard mask layer (508). 

Figure 5B shows an etched stack of layers (520) produced without a substrate 
P-heating step. The layer stack was the san,e as that of Figure 5A. and the etchan. used 

dun„gp,as,.etchi„gof,hepla«nu.-contai„inglayerwas,hesa„,easa,ee,chantusedto 

etchthe layer stack shown i„Fig^5A.No«sidua,nra,eria,wasobserved„n the exterior 

surfacesofpa.temedsihc„noxidehardn,ask,ayer(508)sidewall(5,2,.norontheex,edor 
surfaces of etched platinum-containing layer (506) sidewall (514). 

Figure 6 shows an exa„,plc of an appat^us which can be used to cany out the 
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etching processes described herein. 
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DETAILED DESCRffTION OF THE PREFERREB EMBODIMENTS 

d,™e„sio„s of ™.eria, „ duH„, „,e hea,l„g „f a s„b..a.e. A. a p.fa. ,„ 
defied descHpUon, i. *„„,d be „„.ed ta. as used in .his specification and .he appended 
Claims, the singular forms "a", "an" and "th^^" ^ i , 
7 , , ' ^'^'^ '"^'"'l^Pl^^al referents, unless thecontext 

/ clearly dictates otherwise. 

We have discovered a ™e,hod of reducing fte effect of n,a.eria, spu«cred/e,ched 

aunngd,ehea.ngofasubs..«e.™spe™i,s.heuseofio„hon,bard.e„„ohea,suhs,«.es 

despi.ea,efac.d...heionhon,hard„en,n,ayspu.«r/e,chfean.reso„d,csuhs.a.ca„sing 
deposits and residue to form on features within the substrate. 

Liscrucialinthep^ductionofsubnticron-sizeddevicesthatcridcaidimensionsbe 
ntaintained during the etching of a sen,iconductor feature. When the feature to be etched 
-,uires high tempcratut. etch conditions, it is necessary to preheat the substrate before 
begtnning the feature etching, so etch by-products are sufHciently volatile ,on 
bontbardnten. heating of a substrate which leads to sputtering/etching of an exposed layer 
wh.ch is to be ctohed is possible wi«,out affecting the critical dintension of the etched 
feature .f the plasma source gas used for heating enables the subse,„ent rcntova, of 

substan,iallyallofthesp„t.ercd/e.h^ma,cria,ge„eratedduHngthep,eheatingstepT.e 

spu„er«.etchedresiduefrompreheati„gisrcmovedduringdteetohs.pwhichfollowsthe 
preheating of a substrate, for example. 

To enable removal of a p^heating sputtered/etchcd material residue, the plasma 
source gas used to generate the pteheating plasma may provide a plasma which is slightly 
reactive with at least the exposed layer which is to be subscuently etched. Fre,ue„tly the 
exposed layer is a me^l. For example, and not by way of limitation, in the etching of 
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Platinu^-eo^prising n,a,erial. iridiu,„^„prisi„g ™.,erial, and rufteni„prisi„g 
matena,, U,e preheating p,as„>a is sligMy reaetive „i* u,e meW-comprising material 
I. may also be advantegeous ,o have fte p.hea,i„g plasma source gas eonWn a gas 
whrch is slightly reactive wifl, fte patterned masking material which overiies the layer 
exposed for etching. THis is the case when the masking material is capable of providing 
.eactive species which react witi, the material sp„„e.d/etched ftom ti,a exposed layer 

7 during the preheating step. 

8 No single plasma source gas combimttion will produce the desired etch „sul,s on all 
subsh^es. Thus, for a given material layer to be pattern etched, one skilled in ti,e ar, should 
select a combination of plasma source gases for the etch step which will provide an 
acceptable etch rate and etch selectivity wifl, respect to substrate materials adjacent ,o the 
material which is being patte™ etched, and meet other required etch criteria. Once the 
combination of gases to be used during «,e patterning etch step has been determined tite 
particular plasma source gas to be used during preheating of the substrate is selected The 
plasma source gas for substiate preheating may be a single gas or a combination of gases 
bu, needs to include at leas, one gas which is a, leas, slightiy reactive witi, the substiate 
material to be etched. Preferably, tite plasma sou^e gas for gene,«ion of ,he subs,ra,e 
preheating plasma contains at least one gas ftom tite combination of etchant plasma gases 
used in tire subsequent etching of fte subs,mte material, as this simplifies processing 

20 requirements. 

This inventive meftod provides a relatively quick way of heating a substiate without 
uatng a resistance heater in an electrostatic chuck. Utereby avoiding fl,e added cos, of such 
equipmen, and Ute undesired effects when needing to cool fte substiate. Furfter this 
inventive method is not focused on eliminating the sputtermg of material during a substiate 

preheating step, but rather i.s fnriiQf.H „ .i. 

. V uic iiiacenai mat is sputtered during the 

preheating step during the patterned etching step. 
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I. AN APPARATUS FOR PRACTICING THE INVENTION 

^"■"'""''-'"^'chP-esse.describedhe.inwerecarriedoutina CENTURA® 
intearated Proeessln, syste., available ft„™ App„a MateHal. ,„c., of Santa Cl„a 

Of whtch is hereby incorporated by reference. Although «re etch process chanrbcr used in 
*eExan,p,espresen.edhereinissho„ninsche,natici„Pig„re6,a„yoftheetcKproeesso,. 

heretn. with some adjustment to other process pat^eters. The e,uip„e„t shown in 
schen^Ue in Figure 6 includes a Decoupled Plasma Source (DPS, of the kind described by 
van Ve c. al. at the Proceedings of «,e Eleventh Intentational Syn^posiun, of Plasma 
Processing (May 7, ,9,6, and published in the .Wo.Wc./ So.e^ 
(Volume 96-12. pp. 222 - 233. 1996,. which is heteby incorporated by reference TI,c 
Plasmaprocessing chamber enables the processing of an 8 inch (200 mm, diameter wafer 
Ftgute 6 shows a schematic of a side view of an individual CENTURA® DPS™ 

a ceramic dome 606. and a lower chamber 608. The lower chamber 608 includes a 
monopolar electrostatic chuck (ESC, cathode 6.0. Gas is int^duced into the chamber via 
gas injection noz^es 614 for unifon. gas distribution. Chamber pressure is controlled by 
a closed-loop pressure control system (not shown, using a throttle valve 618 During 

proccssi„g,as„bstra.e620isintrod„cedintothe ,owerch™ber608 through inlet622 The 
substrate 620 is held in place by means of a static charge generated on the surface of 
electrostatic chuck (ESC, cathode 610 by applying a DC voltage to a conductive layer (no. 
Shown, located under a dielectric fllm (notshown, on the chuck surface. The ea«rode 610 
and substrate 620 are then ntised by means of a wafer lift 624 and sealed against d,e upper 
Chamber 604 in position for processing. Etch gases are l„.oduced into the upper chamber 
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604 via gas injection nozzles 614. The e,ch ehamber 600 uses a, inductively coupled 
plasma somce power 626 and matching network 628 operating at about 2.0 MHZ for 

generating andsustairungahighdensityplasma. The wafer isbiasedwi.hanRFsource630 
and matching network 632 operating at about 13.56 MHZ. Plasma source power 626 and 
substrate biasing means 630 are controlled by separate controllers (not shown). 

II. THE METHOD OF THE INVENTION FOR PLASMA HEATING AND 
ETCHING A SUBSTRATE WHILE MAlNTAmiNG CRITICAL dSsZ 

The present invention pertains to a method of reducing the effect on etched feature 
critical dimensions and etched sidewall profile, which results fiom the presence of residue 
produced during an ion-bombardment heating of the substrate in which the feature resides. 
The sputter^l material from the preheating step is removed during the subsequent etching 

12 of the substrate. 

A patterned hard mask layer may be used in plasma etching to cover portions of the 
underlying substrate layer, while leaving other portions of the layer exposed to an etchant 
plasma. A hard masking layer is typically used for patterned etching of underlying layers 
when the layer to be etched is one which requires high temperature etching to obtain a 

reasonableetchrateorselectivity,orwheretheetchby-productsarenon-volatileandrequire 
a higher temperature substrate to reduce the amount of by-product which remains on the ' 
etched surfaces after completion of the etch process. Many of the metal layers deposited to 
form conductive structures require the use of a patterned hard mask layer rather than a 
photoresist, due to the substrate temperature required to produce the desired etch results. 

Examples,notbywayoflimitation,ofmetalsormetal-containing compounds whichrequire 
a high temperature substrate during etching include platinum, iridium, iridium dioxide, 
-ruthenium, and ruthenium dioxide. Typically these metals are used in the formation of 
capacitor electrodes, gate electrodes, contacts, and other conductive structures. 
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During the development of the present method, we performed numerous 

experiments todeterminethetypicalamountofmaterialsputteredontotheverticalsidewalls 

ofapattemedhardmaskinglayerduringasubstrate(etchstack)preheatingstep.TableOne, 
below, shows various examples of plasma source gases used to produce the preheating 
plasma, and a description of the appearance of the sidewall profile of the patterned hard 
mask after completion of the preheating step. The etch stack was as previously described 
with reference to Figure 1 , where the patterned hard mask layer is a bi-layer, as described 
in detail below. 
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Table One. Preheated Platinum-ront.inin ^Subs^^ 



Profile 



Run# 



N2 Preheat Gas (seem) 



O2 Preheat Gas (seem) 



Ar Preheat Gas (seem) 



CI2 Preheat Gas (seem) 



Hardmask Sidewall 
Profile 



50 



50 



Essentially 
Vertical 
(Light 
Build-up) 



100 



Slightly 
Tapered 
(Moderate 
Build-up) 



100 



Essentially 
Vertical 
(Light 

Build-up) 



100 



Essentially 
Vertical 
(Light 
Build-up) 



15 



30 



120 



Very Tapered 
(Heavy 
Build-up) 



Each substrate was preheated for about 45 seconds. Other preheating parameters 
included a process chamber pressure of about 20 mToir; an RF substrate bias power of about 
500 W; an RF plasma source power of about 1800 W; and a cathode temperattare of about 
80°C. 

With reference to Figure 1 , from bottom to top of the etch stack, the bottom layer of 
silicon oxide (SiOJ 102 was about 8000 A thick, the overiying barrier layer of titanium 
nitride (TiN) 1 04 was about 200 A thick, the platinum (Pt) -comprising layer i 06 was about 
2500 A thick, and the patterned hard mask layer 108 was a bi-layer (not shown as a bilayer 
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' in Figure 1), where bottom layer wa. about 300 A of TiN, and a,e top, overlying layer 

2 was about 5000 A of TEOS produced silicon oxide (SiOJ. Tie underlying „,e.al layer was 

3 platinum. 

The term "hardmask sidewall profiie". as used in Table One, refers to the cross- 
sectional profile of the hard mask and to the angle of the patterned mask sidewall after a 
substtate preheattng step, relative to an underlying horizontal subst^te. When large 
amounts of material sputter during plasma preheating of the etch stack (substtate) such 
sputtered material tends to build-up at the base of the patterned hard mask, forming a wedge- 
shaped hard mask sidewall. THl. wedge shape tends to condnue downward during etching 
of an underlying metal layer, affecting the sidewall profile of the etched metal layer and the 
critical dimensions of the etched metal feattrres. With reference to Table One, the hard mask 
profiles were studied after a preheat step and prior to etching of an underlying metal layer 

inordertoevaluatetheamountofmaterialdepositedontheverticalsidewallofthepattemed 
hard mask during Ute preheating step, when diffetent plasma source gases were used during 

the preheating step. 

The best hard mask sidewall profiles we,* obtained in Runs # 1 ,# 3, and # 4. When 
the plasma source gas during substrate preheating was made up ftom a mixttu. of mtrogen 
and argon gas, with a high (50 %) concentration of nitrogen, or was nittogen, or oxygen 
..spectively, the hard mask profile was essentially vertical, indicattog only a light build-up 
of sputten^d material. However, when argon gas, or a combination of nitrogen, argon, and 
chlorine gas. represented by Runs # 2 and # 5, tcspectively, was used as the plasma soun:e 
gas for generation of the plasma used to preheat the substrute, the profile was significantly 
tapered. Thus, a wedge-like vertical layer of sputtered material was deposited on the hard 
mask sidewall. In Run #2, the plasma source gas used during substrate preheating was 

essentially non-reactive with hnt}ith^.^v«^o^^„i„*:„ , ... 

. ^.vi^wow Hiauiiuiii layer ana with the overlying silicon 

oxide hard masking material. In Run # 5, nearly 73 % of the plasma source gas used during 
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substrate preheating was Cl„ which is highly reactive with the exposed platinum layer and 
which is moderately reactive with the overlying silicon oxide hard masking material. 

Experiments were then performed to determine the final etch profile for etch stacks 
in which the etch stack (substrate) was preheated using a plasma generated from one plasma 
source gas, and the platinum-containing layer was pattern etched using a plasma generated 
from another plasma source gas. The results of these 
Two, below. 



experiments are presented in Table 



Table Two. Preheated and Plasma-Etched Pl.tinnn..ro ntainina 1 .y.r . Vf.u p.^fi,. 



17 

18 

19 

20 

21 

22 

23 

24 

25 



a 9 


Run# 


IL . 


1 2 


3 




N2 Preheat Gas (seem) 


100 






11 


O2 Preheat Gas (seem) 




50 


100 


m 12 


Ar Preheat Gas (seem) 




50 




/ 13 


CI2, PtEtch Gas (seem) 


120 


120 


120 


S 14 


Pt Etch Gas (seem) 


15 


15 


15 


m 15 


Ar, Pt Etch Gas (seem) 


30 


30 


30 


o 16 


Etch Profile 


Essentially Vertical 


Tapered 


Tapered 



Each substrate was preheated for about 45 seconds. Further preheating parameters 
include a chamber pressure of about 20 mTorr; a substrate bias power of about 500 W; a 
plasma source power of about 1 800 W; and a cathode temperature of about 80°C. The etch 
stack was the same as that described above with reference to Table One. 

Patterned etching of the platinum layer was carried out until the platinum etch 
completion was detected by an optical endpoint detector, then an overetch was cairied out 
for an additional 30 seconds. The pressure in the etch chamber was about 20 mTorr; the 
substrate bias power applied was about 275 W: the plasma source power was about 900 W; 
and the cathode (substrate pedestal) temperature was about 80 °C. As previously mentioned. 
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the platinum-containing layer had a thickness of about 2500 A. 

The best etch profile was obtained in Run # 1. Only nitrogen gas was used as the 
plasma somce gas during preheating of the substrate; nitrogen gas was also contained in the 
source gas used for generating the platinum etchant plasma. Virtually no residue remained 
on the hard mask at the completion of etching, and a vertical etch profile was obtained. 
However, when a combination of oxygen and argon gas was used as the plasma source gas 
during preheating of the substrate (Run # 2), residue did remain on the surfaces of the hard 
mask and etched platinum feature at the completion of the platinum etching. A tapered 
profile was observed. When only oxygen gas was used as the plasma source gas during 
preheating of the substrate (Run # 3), a similar, but slightly thicker residue was observed on 
the hard mask and etched platinum features. Again, a tapered profile was observed. 

Applicants used the etch plasma source gas and etch process conditions described 
in Table Two to etch the platinum layer in the same etch stack, where the substrate was not 
preheated using plasma heating, but was heated using a "hot" electrostatic chuck (heated by 
^ "'^'''^^'^ ''''''''' ^^^t^-^)- No residue was observed on the hard mask surfaces, nor on 
I 16 the etched platinum surfaces. This indicates that the residue in Run #2 or Run #3 occurs 

when sputtered platinum-containing material generated during a plasma preheating step is 
not removed during the subsequent etching of the platinum layer. 

Applicants concluded, based on the above experimentation, that once a satisfactory 

plasma source gas is developedforetchingametal layer suchasplatinum,theplasma source 
gas used for plasma preheating of the substrate may advantageously contain a gas which is 
used in etching the metal layer. However, the preheating plasma overall reactivity with the 
metal layer material must be controlled. If the reactivity is insufficient, built up residue from 
the preheating step may be so difficult to remove that it remains during the metal etch step, 

to cause nroh1pm« witVi ^^t^v. 

' " " i^.wxxxc. ix u,c reaciiviiy is too great, the amount of built up 

residue present after the preheating step may be such a large quantity that it camiot be 
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aciequatelyremovedduringthernetaletchstep,againcausirigproblemswiththeetchprofile 
As used herein, a "lightly reactive" or "slightly reactive" plasma refers to a plasma which 
provides sufficient reactivity with the exposed layer to be etched (one of the metals 
described above, for example) that the sputter/etch byproduct produced during preheating 
of the substrate is more easily etched than the pure exposed layer (metal) during the 
6 subsequent etch of the exposed layer. 

For example, and not by way of limitation, in the etching of platinum, the slightly 
reactive plasma to be used in a substrate preheating step should be capable of etching a pure 
platinum layer at an etch rate of at least about 200 A per minute. For example, if nitrogen 
alone was used to plasma etch a platinum layer, a maximum platinum etch rate of about 290 
A per minute would be expected. One skilled in the art, after reading applicants' disclosure 
will understand that it is important to use a plasma source gas (which may be a combination 
of gases) which generates a preheating plasma which is slightly reactive with the exposed 
layer to be etched. As previously mentioned herein, the preheating plasma may also be 
slightly reactive with an overlying hardmasking layer, if the hardmasking material will 
produce reactive species which react with the material sputtered from the exposed layer 
during the preheating step, thereby generating a sputtered/etched residue which is more 
easily removed during the subsequent etch step. 

Although the hard masking material described herein with reference to the etching 
of platinum is silicon oxide, it is not applicants' intent to be limited to this hard masking 
material, as other metal containing hard masking materials such as TiN, SiN, TiO, , or high 
temperature organic masking materials such as "a-C" polymers (high temperature 
amorphous carbon-comprising materials) and "a-FC" polymers (high temperature 
fluorocarbon materials) and FLARE™ (a polyaxylene ether, available from Allied Signal, 
Advanced Microelectronic Materials, Sunnyvale, California) are also contemplated. 

In the above examples, minimum residue after platinum etching was observed when 
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nitrogen was present in both the plasma source gas used during substrate preheating and the 
plasma source gas used during platinum etching. One might then believe that chlorine could 
be used in the plasma source gas for preheating of the substrate; however, the data show that 
when chlorine is used, at least in a substantial amount, during substrate preheating, large 
amounts of residue are produced on the hard mask sidewalls. These large amounts of 
residue distort the hard mask sidewall surfaces (the mask sidewall profile), so that the 
openings through which the metal can be etched do not enable etching of the metal layer to 
8 the desired critical dimensions (even if it were possible to gradually remove the residue 

during etching of the metal layer). This indicates that when the plasma used for preheating 
the substrate is highly reactive with the metal layer, this does not provide a good overall 
result in terms of the etched feature. Thus, the use of chlorine as the major component of 
a preheating plasma source gas is not advisable. However, the presence of small amounts 
of highly reactive gases in a source gas, so that the plasma itself is only slightly reactive with 
the exposed layer to be etched may be acceptable. As used herein, the term "highly reactive" 
plasma, with respect to the etching of platinum is a plasma which produces a platinum etch 
g 1 6 rate in excess of about 800 A per minute. For example, if a plasma generated from a solely 

chlorine source gas was used to plasma etch aplatinum layer, aplatinum etch rate of at least 

1 8 about 800 A per minute would be expected, using the other process conditions and the 

19 process apparatus described above. 
In view of the data obtained for platinum, the preheating plasma should be capable 

of etching the material which is to be pattern etched at an etch rate ranging between about 
200 A per minute and about 800 A per minute, preferably at an etch rate ranging between 
23 about 250 A per minute and about 600 A per minute. One skilled in the art will be able to 

adjust the plasma source gas compositions and overall process conditions in their particular 
apparatus to achieve a desired result for a given material to be pattern etched in view of the 
26 disclosure provided herein. 
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1 When a non-reactive gas, typically an inert gas such as helium, argon, krypton, or 

2 xenon, is used as the sole plasma source gas for substrate preheating, moderate amounts of 

3 residue remained after the subsequent metal etch. When a combination of a non-reactive gas 

4 and a lightly reactive gas (argon/nitrogen) was used as the plasma source gas for substrate 

5 preheating, light to moderate amounts of residue remained after the subsequent metal etch. 

6 The best results were obtained when the lightly reactive gas (nitrogen) was used as the sole 

7 plasma source gas for substrate preheating. However, the preheating plasma source gas may 

8 contain a limited amount of a gas which is essentially non-reactive, as a diluent within the 
^ 9 plasma source gas. A minor amount of experimentation would be required to determine 
jfl 1 0 how much diluent gas can be used and still provide a sputtered/etched residue which is more 
=p 1 1 easily removed during the etch step than a pure residue of the exposed material which is to 
gi 12 be etched during the etch step. 

13 The principles discussed above are best illustrated with reference to the Figures 

1^, 14 provided herein. Figure 1 A shows the etch profile obtained for an etch stack (a substrate) 

nJ 

1 5 including, from top to bottom, the bi-layer patterned hard mask 1 08 previously described, 

fli 

p 16 overlying a platinum-containing layer 106, which overlies a titanium nitride layer 104, 

17 which overlies a silicon oxide layer 102. Residue material 110 produced by sputtering 

1 8 during preheating of the substrate and during pattemed etching of the stack of the layers 1 00 

1 9 remains on the sidewalls 112. The substrate was preheated using a plasma generated solely 

20 from O2. The platinum-containing layer 1 06 was etched using the Cl2/N2/Ar plasma source 

21 described in Table Two. The process conditions were as described previously, above. 

22 Figure IB shows the substrate of Figure lA after being exposed to a diluted HF 

23 solution (typically about a 6:1 ratio of H2O : HF). From Figure IB, one can see how the 

24 sputtered material 110 on the vertical sidewalls 112 of the patterned hard mask 108 

25 collapsed on top of the etched platinum layer 1 06 once the hard mask was removed by the 

26 diluted HF solution. 
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1 Figure 2A shows the etch profile obtained for an etch stack (a substrate) including 

2 from top to bottom, the bi-layer patterned hard mask 208 previously described, overlying 

3 a platinum-containing layer 206, which overlies a titanium nitride layer 204, which overlies 

4 a silicon oxide layer 202. No residue material was observed on the sidewalls 212 of the 

5 hard mask 208, nor on the sidewalls 214 of the etched platinum-containing layer 206, after 

6 completion of etch of the platinum-containing layer 206. The substrate was preheated using 

7 a plasma generated solely from N2, which produced a slight sputtered build-up, as indicated 

8 for Run # 3 in Table One. The platinum-containing layer 206 was etched using the same 

9 Cls/Ns/Ar etchant plasma described with reference to Figure 1 A. At the completion of etch 
2 10 of the platinum-containing layer 206, the slight build-up of sputtered material from the 
^11 substrate preheating step had been removed. 

m 12 Figure 2B shows the substrate of Figure 2 A after exposure to a diluted HF solution. 

^13 Figure 2B clearly illustrates that virtually all of the sputtered material was removed during 

14 the platinum-containing layer plasma etch step, 

pj; 1 5 Figure 3 illustrates the heating rate for preheating of the etch stack described above 

1 6 when nitrogen alone is used as the plasma source gas for the preheating plasma. One skilled 

^'17 in the art will appreciate that this is a competitive heating rate for plasma preheating of a 

18 substrate. 

19 Figure 4 A shows the etch profile obtained for an etch stack (a substrate) including 

20 fi-om top to bottom, the bi-layer patterned hard mask 408 previously described, overlying 

21 a platinum-containing layer 406, which overlies a titanium nitride layer 404, which overlies 

22 a silicon oxide layer 402. Residue material 410 produced by sputtering during preheating 

23 of the substrate, and during patterned etching of the stack of the layers 400 resides on the 

24 sidewalls 412 of hard mask 408 and on the sidewalls 414 of etched platinum-containing 

25 layer 406. The substrate was preheated using a plasma generated from 50 seem of Ar and 

26 50 seem of N2, and is referenced in Table One as Run # 1 . The platinum-containing layer 
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406 was etched using the Clj/Nj/Ar plasma source described in Table Two. The process 

2 conditions were as described previously, above. 

3 Figure 4B shows the substrate of Figure 4A after exposure to a diluted HF solution. 

4 From Figure 4B, one can see how the sputtered material 410 which was on the vertical 

5 sidewalls 4 1 2 of the patterned hard mask 408 collapsed about the exterior surfaces of etched 

6 platinum-containing layer 406 once the hard mask was removed. 

7 Figure 5A shows the etch profile obtained for an etch stack (a substrate) including, 

8 from top to bottom, the bi-layer patterned hard mask 508 previously described, overlying 

9 a platinum-containing layer 506, which overlies a titanium nitride layer 504, which overlies 
I 10 asiliconoxide layer502. Residue material 5 10 produced during preheating of the substrate, 
I 1 1 and during patterned etching of the stack of the layers 500, resides in very large amounts on 

the sidewalls 512 of hard mask 508 and on the sidewalls 514 of etched platinum-containing 
layer 506. The substrate was preheated using a plasma generated from 120 seem of CI 2, 30 
14 seem of Ar, and 1 5 seem of Nj, and is referenced in Table One as Run # 5. The platinum- 



containing layer 506 was etched using the Clz/NVAr plasma source described in Table Two. 

ry 16 The process conditions were as described previously, above. 

■3 Figure 5B is representative of the comparative example in which the etch stack 

1 8 described with reference to Figure 5A is preheated using an electrostatic chuck having a 

1 9 resistive heater embedded therein. There was no plasma preheating of the substrate. The 

20 platinum-containing layer 506 was etched using the Clj/Nj/Ar plasma source described in 

21 Table Two. The process conditions were as described previously, above. No residue was 

22 present after etching of the platinum-containing layer 506. This clearly illustrates that the 

23 residue material 5 1 0 observed with reference to Figure 5 A was produced as a result of the 

24 sputtering/etching of substrate etch stack material which occurred during the plasma 

25 preheating of the substrate using a plasma generated from the Clz/Nz/Ar plasma source gas. 
2^ Similar studies were made on a more limited basis for other etch stacks containing 
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metals or metal-containing compounds which are of low volatility, similar to platinum. In 
particular, substrates containing etch stacks including either iridium or ruthenium dioxide 
were preheated and etched in a manner similar to that described above. Either nitrogen or 
oxygen was used to generate the plasma used to preheat the substrate. The etchant plasma 
used to etch iridium was generated from a plasma source gas containing O2/CI2/CF4. The 
etchant plasma used to etch ruthenium dioxide was generated from a plasma source gas 
containing 02/Cl2/Ar. Although applicants were able to obtain etched iridium profiles which 
appeared to be relatively free from sputtered metal-containing material, the overall etch 
results in terms of etch rate, selectivity, and etch profile were less than desired. Work to 
develop a satisfactory etchant plasma for etching iridium will have to be done prior to 
determining the best plasma source gas for preheating of the substrates. 

The etching of a ruthenium dioxide-comprising etch stack provided more 
encouraging results, which are presented below. 
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Table Three. Ruthenium Dioxide-Containing Substrate Layer - Etch Profile 



Run# 


1 


2 


N2 Preheat Gas (seem) 


100 




O2 Preheat Gas (seem) 




100 


Etch Profile 


Virtually Vertical 


Virtually Vertical 
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Each substrate was preheated for about 45 seconds. Other preheating parameters 
included a chamber pressure of about 20 mTorr; a substrate bias power of about 500 W; a 
plasma source power of about 1800 W; and a cathode temperature of about 80°C. 

Each ruthenium dioxide layer was plasma etched for about 60 seconds and thereafter 
exposed to a diluted HF solution. The etchant plasma was generated from a plasma source 
gas comprising 320 seem of O2, 80 seem of CI2, and 20 seem of Ar. Other process 
parameters included an etch chamber pressure of about 36 mTorr; a substrate bias power of 
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about 200 W; a plasma source power of about 1 500 W; and a cathode temperature of about 
80°C. 

In Runs # 1 and # 2, both plasma gases that were used to preheat the substrate (O2 
and N2) produced similarly good results after the plasma etch and HF solution exposure. 
Virtually all of the sputtered material was removed during the plasma etch step, thereby 
producing a residue-free, essentially vertical etch profile. 

The above described preferred embodiments are not intended to limit the scope of 
the present invention, as one skilled in the art can, in view of the present disclosure expeind 
such embodiments to correspond with the subject matter of the invention claimed below. 
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